The presence of a riparian forest is one of the main factors that act directly on the ecology of a fluvial system, and the relation of the forest and the lotic environments might have an important influence on the distribution of the macroinvertebrates. In this context, the benthic macroinvertebrate communities in four low-order streams in São Paulo (Brazil) were analysed, with the aim of assessing the state of recovery of the surrounding forest fragments. The benthic organisms were sampled in the winter, a period of low rainfall. Of the 6,331 specimens of macroinvertebrates collected, 124 taxa belonging to 48 families were identified. The results showed greater diversity in the Canchim Farm streams and greater abundance in the Lake Park streams. Cluster analysis showed that the stream Canchim distanced itself from the others, being considered reference.
Introduction
Headwater streams are important areas for biodiversity and have gained much attention in various countries in different geographic regions. However, according to Clarke et al. (2008) , the word 'important' is ambiguous in this context and it is uncertain whether headwater streams should be described as such, because they contain species that are restricted to these systems, or because they have high taxonomic richness, or because they may have undescribed species.
The existence or otherwise of gallery forest beside river systems is one of the main factors influencing their ecological health (Dudgeon, 1988) and the relation of the forest to the freshwater habitat has a strong effect on the distribution of aquatic insects (Vannote et al., 1980) . It should be emphasised that preservation of this riparian zone beside the river is crucial to the maintenance of its morphology, as it holds back the erosion of the banks. Moreover, it increases the flow of allochthonous plant material, such as leaves, wood and fruits, that adds to the heterogeneity of the habitat (Kikuchi and Uieda, 1998) and hence increases the variety of food items and available niches (Hynes, 1970) .
Streams are characterised by the form of the land and their biota, which is influenced by the quality and complexity of the habitat (Allan, 2004) . Thus, changes in the riverside plant cover, involving replacement or removal of forest on a large or small scale, have direct or indirect effects on the condition of the stream and hence on the biota.
The "ecological integrity" and "condition" of streams and rivers are terms used to describe the state of conservation of these ecosystems, particularly with respect to their response to changes arising from human interference (Allan, 2004) . The condition of the water body can be assessed by the overall similarity between the test site and chosen reference sites, measured by comparing various physicochemical or biological indicator variables, or a combination of both.
In southeast Brazil, the impact of the replacement of native forest by coffee, sweetcorn or cotton plantations, later by cattle pasture and nowadays by enormous stretches of sugarcane monoculture, is responsible for the widespread and continuing degradation of native forest, which is becoming more and more fragmented and even, not infrequently, involves the removal of riverside forest (Rodrigues and Leitão Filho, 2001) .
Considering the importance of lotic ecosystems, especially low-order streams, the current degradation of the remaining fragments of riparian forest in the state of São Paulo, and based on the assumption that the macroinvertebrate community reflects the state of preservation of the environment, this study was carried out to assess the condition of the fauna in four streams that run through two forest fragments (remaining from the original Atlantic Forest) in different states of conservation.
Materials and Methods

Study area
Four low-order streams (see Figure 1 ) within two remnants of Atlantic Forest in São Paulo were chosen for this study: (1) the Canchim and Sistema streams in the forested area of Canchim Farm, a permanently-protected area that is a 100 ha fragment of Atlantic Forest belonging to the Southeast Brazil Animal-husbandry Research Center Figure 1 . Location of the Camchim (C2) and Sistema (C1); Mina da Casinha (D2) and das Furnas (D1) streams.
run by EMBRAPA (the Federal agency for the advancement of agriculture) in the São Carlos district; (2) the Mina da Casinha and das Furnas streams in Parque do Lago (Lake Park), a private area in Dourado, where the riparian forest of these streams is in process of recovery -in recent years, 21,000 native trees have been planted and the existing riparian forest covers 1.02 ha, while the reforested area covers an additional 1.78 ha.
Sampling and data analysis
Physiognomic features of the streams, such as the amount of canopy cover and width of riparian zone, were recorded at each sampling site, as well as the depth of the water column and breadth of the channel. In addition, the mean speed of the current was calculated by the float method (Lind, 1979) and the physicochemical properties of the water used (temperature; electrical conductivity; dissolved oxygen; oxygen saturation; hydrogen ion potential; dissolved solids) to assess quality were measured with a YSI 556 MPS (multiprobe system).
Macroinvertebrates were collected in the dry season (August 2006) in three 20 m stretches in a 100 m section of each stream. Six samples were taken at each site with a Surber sampler (30 × 30 cm, mesh 250 µm); in addition, 3 sweeps of 1m30s were carried out in each stream, one in each 20 m stretch, with a D-shaped hand net. The organisms were identified to the lowest possible taxonomic level, with the aid of identification keys and specialised articles: Ephemeroptera (Domínguez et al., 2001; Salles et al., 2004; Domínguez et al., 2006) , Plecoptera (Froehlich, 1998; Fernández and Domíngues, 2001; Olifiers et al., 2004) , Trichoptera (Wiggins, 1996; Angrisano and Korob, 2001; Pes et al., 2005) , Chironomidae (Trivinho-Strixino and Strixino, 1995), Odonata (Costa, JM. et al., 2003) , Coleoptera (Bertrand, 1972; Leech and Chandler, 1956; Costa, C. et al., 1988; White and Brigham, 1996; Epler, 1996; Manzo, 2005) , Megaloptera (Fernández and Domíngues, 2001) , Oligochaeta (Brinkhurst and Marchese, 1989) .
The macroinvertebrate communities of each stream were compared in terms of the following metrics: abundances; taxon richness: observed (S) and estimated for 350 organisms (S*) from the rarefaction curve; Shannon diversity index (H´) based on ln (x+1) -transformed data; Simpson diversity index (1-D), where D is Simpson's dominance; Margalef richness index (d); Pielou´s evenness (E); % EPT, % Chironomids and EPT/Chironomids ratio and to verify the similarity between the streams, the Bray-Curtis dissimilarity index with data transformed to log 10 (x +1) and connection method type UPGMA was used.
Results
The streams under study, in both of the forest remnants, were found to be shallow and narrow, with well-oxygenated water, mean temperature around 20 °C, low electrical conductivity, near-neutral pH and low dissolved solid contents (see Table 1 ). In the Canchim Farm, the Canchim stream is in the middle of the conserved forest area and thus covered by a closed canopy, while the Sistema runs along the edge of the forest, so that one of its banks is exposed to an area of cattle grazing and the canopy cover is more open. In Lake Park, the recovering riparian forest alongside the Mina da Casinha and das Furnas streams is narrow (less than 30 m wide) and the canopy cover is thinner, increasing the incidence of light on the streams and enabling higher autochthonous production.
The 6,331 macroinvertebrate specimens were found to belong to 124 taxa in 48 families. The streams in the older Canchim forest were populated by a larger number of species: 104 taxa were identified in 40 families, in a total of 1,575 specimens, of which 1,217 were found in the Canchim stream, where Leptohyphodes and Dryops predominated, and 358 in the Sistema stream, where Dryops was the most common genus. The streams in Lake Park reached overall abundances three times greater than those in the Canchim Farm, but the taxon richness was lower. The Table 2 ). The percentages of Chironomidae and EPT larvae (Ephemeroptera, Plecoptera and Trichoptera) and the ratio of these numbers are shown in Table 3 . It may be noted that the Canchim stream showed the highest % EPT and the highest EPT:Chironomid ratio.
The Shannon diversity, taxon-richness estimated by rarefaction curve (see Figure 2) , Margalef´s richness and Pielou´s evenness (see Table 3 ) all reflected this general trend in fauna composition, namely greater diversity in the Canchim Farm streams and greater abundance in the Lake Park streams.
The values displayed in Table 3 for Simpson's dominance show generally low dominance in all streams. The highest level of dominance was recorded in the das Furnas stream, due to the large number of specimens of the genera Caladomyia mf1 and Paratendipes collected in that stream.
The cluster analysis of the streams, based on the abundance of organisms in each, indicated a larger distance (dissimilarity) between Canchim stream and the rest, the other three forming a cluster (see Figure 3) , although the greater similarity between the Mina da Casinha and das Furnas streams led to their forming a sub-cluster of two. 
Taxonomic groups
Scan SSis SMina SFur 
Taxonomic groups Scan SSis SMina SFur
Oecetis ○ streams (Bunn et al., 1999) , especially low-order streams in forested areas. Besides riparian forest, several environmental factors influence the presence and distribution of macroinvertebrates, the most important being the temperature and dissolved oxygen content of the water (Ward, 1992) , which are subject to local variation.
Temperature is a key variable in the regulation of other variables and of the biota in rivulets (Ward, 1992) . When the riverside forest is totally or partially cleared, the temperature of the water rises as a result of the lack of shade. This may explain, in the present study, the raised temperatures of the Sistema stream, located at the edge of the forest, and of the Mina da Casinha and das Furnas streams in Lake Park, whose forest is less dense, as is evident in the smaller amount of canopy cover, compared to the Canchim stream.
The dissolved oxygen concentration is one of the most important limnological variables, both to characterise aquatic habitats and to maintain aquatic life. Whitton (1975) pointed out that waterborne organisms need different amounts of oxygen, which could affect their distribution. However, in the streams under study, the levels of dissolved oxygen were high and thus not a limiting factor for the fauna.
From the results of this study, the Canchim stream can be adopted as a reference site, based on the high values of the Shannon diversity index and taxon richness (observed and estimated), as well as on the diversity of EPT genera. Roque (2000) studied macroinvertebrates in streams in the Jaraguá State Park, Suriano and Fonseca-Gessner (2004) analysed chironomids in streams in the Campos do Jordão State Park and Cetra and Petrere (2007) studied the association of fish with the riparian vegetation, corroborating the present findings, the studies reported the highest taxon richness where the riparian forest was dense and effective at various levels, such as depth of coverage and canopy cover.
All orders of insects, including the immature stages of EPT, are of great importance in the study of the communities in low to medium order lotic habitats (Baptista et al., 2001 ). In these systems, EPT insects normally exhibit high species richness and are essential links in the transfer of energy through the food chain (Bispo, 2002) . In addition, they are seen as good environmental indicators, being especially sensitive to disturbances of the aquatic ecosystem that arise from deforestation (Bispo et al., 2001; Bispo and Oliveira, 1998) . Thus, the predominance and diversity of the EPT 
Discussion
Freshwater ecosystems reflect the character of the surrounding land: geomorphology, physiognomy, regional climate, natural gradients arising from seasonal changes (Wetzel and Linkes, 1991) and disturbances due to human activity (Rosenberg and Resh, 1993) .
Among the observable environmental variables that influence the condition of streams, the state of the riparian vegetation stands out as the most important for the maintenance of natural stream-processes (Gregory et al., 1991) . This is because the riverside plants contribute most of the organic matter and nutrients received by genera in the Canchim stream confirm the above conclusion that this stream is was also common in significantly better conserved than the other three. The EPT population the Furnas stream, albeit at a lower diversity, indicating that despite running through an area of reforestation, in which the plant cover is still light, this stream has features that sustain the more sensitive macroinvertebrates.
Among the taxa predominating in all four streams, the Chironomidae are pre-eminent. According to Marques et al. (1999) , this family can be considered common and tolerant to a wide array of environmental conditions. The number of chironomid species inhabiting any freshwater body is normally far superior to that of any other taxonomic group (Int Panis, 1995) .
The high EPT:Chironomidae ratio in the Canchim and Sistema streams, both of which are located in a conservation area, indicates their superior environmental quality, reflecting the low level of human interference, in contrast to the lower ratios in the Lake Park streams, whose riparian forest is in the process of recovery. In the same region, similar results have been reported by Guereschi and Fonseca-Gessner (2000) , for streams in the Jataí Ecological Station (Luiz Antônio district, SP), and by Kleine and Trivinho-Strixino (2005) , in the Fazzari stream in São Carlos (SP): these authors observed lower EPT:Chironomidae ratios in stretches lacking vegetation on the banks and where organic effluents may have been present.
Results for the Mina da Casinha and das Furnas streams indicated that they were closest in the cluster analysis, due to their high abundances of macroinvertebrates, in spite of the sparse riparian forest. Wallace et al. (1988) , who compared brooks with and without riverside vegetation in North Carolina (USA), also observed that invertebrates were more abundant in those without vegetation. Hawkins et al. (1983) , Angermeier and Karr (1983) e Wallace et al. (1988) have proposed that the higher numbers of macroinvertebrates in streams lacking riparian vegetation may be attributed to the increased availability of food due to high levels of primary production by algae.
Lower diversity of macroinvertebrate taxa has been reported in streams subjected to partial removal of riparian vegetation from various regions, both in North America (Clenaghan et al., 1998; Harding et al., 1998) and the tropics (Giller and Twomey, 1993) . Corbi and Trivinho-Strixino (2006) , investigating tributary streams of the Jacaré-Guaçu River (SP) in forested, grazing and sugarcane-planted areas, also reported lower diversity in streams affected by degradation of riparian forest.
In conclusion, the Canchim stream may be taken as a reference site, as it supports very diverse fauna, including rare and sensitive taxa, and is protected by a dense and conserved riparian forest. The Sistema stream, although in the same forest, is located at its edge and thus is affected by the neighbouring cattle pasture, making it similar, in terms of quality, to the Mina da Casinha and das Furnas streams, whose riverside forest is undergoing managed recovery.
